Recently, in vehicle development, the number of design parameters used to describe human drivers/passengers has been increasing. Driving posture of the passenger is assumed to vary with the form of the vehicle. In addition to driving posture, drivers are becoming more diverse as society ages. The physical characteristics of elderly drivers are a particularly important consideration (Shino et al., 2005) . Moreover, the physical characteristics of the driver must be taken into consideration in design and development, because human motion is assumed to include a reaction delay. We proposed an integrated system composed of a combination of generalized software and original code that creates a motion generation model capable of evaluating the motions resulting from a vehicle-to-body load (Takehara et al., 2012) . The proposed system consists of a vehicle model, three dimensional human model, and musculo-skeletal model, each of which can be modified independently. The advantage provided by this method is that body motions can be simulated and evaluated via numerical simulations using a computer, without the need to conduct actual experiments. This has the potential to reduce development costs, improve safety, and provide an environment in which parameter modification is easy. However, in the proposed system, the human model has 43 degrees of freedom, and the effects of the parameters for each human joint remain unclear. Therefore, setting exact values of these parameters is difficult. Moreover motion analysis of a human body in a vehicle is difficult because human motion control always involves disperse motion. Human motion does not need maximum ability which is maintenance posture on the vehicle environment. Dispersion is considered to occur in order to measure control capability. Hence, when a human whole-body model is simulated in order to put importance on into the kind of control characteristic, complex multiple degrees of freedom are involved, and grasping various body motion phenomena becomes difficult using the motion control model. As a result, the influence of
Human-body Dynamics Model 2.1 Model outline
The proposed human-body dynamics model is composed of an internal model and an external model (Ito, 2005 ). The internal model, which is composed of an inverse model and a forward model, generates commands to control the body motion, while the external model simulates the actual body motion. A block diagram of this process is shown in Fig. 1 , and a conceptual diagram of the model is shown in Fig. 2 . In the internal model, the target position and the representative of body motion are set in order to generate body motions. As such, complicated body motion is defined as a transfer from the initial position of a representative point to a target position. In addition, body motion is generated by physical forces that move the representative point closer to the target position. Each joint torque calculated by the inverse model of the generated motion becomes a body motion command. However, it is not easy to express the distinctive condition of a human body, including the reaction delay, using the torque calculated by the inverse model. As such, this torque is adjusted using the forward model. Therefore, the body motion is generated by the adjusted torque in the human-body model. Figure 3 shows an analytical human-body model. In the present study, we focus on the motion control for a human trunk. We herein treat the human-body model as a head and a trunk. This model is composed of a minimum number of rigid bodies that can express the control of the trunk and head in the frontal plane. The trunk is modeled to include the arms in order to eliminate the influence of the motion of the arms. The human-body model is positioned in a coordinate system that is movable relative to a fixed spatial coordinate system. This model consists of three rigid links representing the head, the spine, and the pelvis. The model uses an augmented formulation (Shabana, 2001) . Here, 
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where M is the mass matrix, and a Q is a vector indicating the external force and the joint resistance due to passive tissues: N is the moment due to the contact force, and
is the joint resistance due to passive tissues (Aoki and Yamazaki, 1998 ). In the following, 1  1  1  2  2  12  21  2  1  1 12  2 21  1  1  1  2  2 cos sin cos sin sin cos sin cos 00 33  2  2  2  22  31  3  2  2 22  3 31  33  2  2  2   cos  sin  cos  sin  sin  cos  sin cos 00
where i T is a transformation matrix.
Then, the constraint of the system is described as Takehara, Takahashi and Hase, Mechanical Engineering Journal, Vol.4, No.5 (2017) [DOI: 10.1299/mej.16-00704] Finally, using Eqs. (7) and (9), the differential algebraic equations (DAEs) can be obtained as follows:
Contact force
Generally speaking, any surface of contact between the body and the seat is considered to be a surface contact. In addition, the skin tissue of the body and the seat exhibit non-linear viscoelasticity. However, considering these characteristics would require expensive calculations and involve numerous additional parameters. Therefore, in the present study, in order to investigate the fundamental characteristics of the control of human-body motion, the contact force is simplified. In the proposed model, the contact force is easily expanded so that detailed contact forces can be considered as necessary. The vertical contact force is defined in Fig. 4 (a) in terms of the contact force normal to the seat surface. In order to reproduce the simplified human motion, the elasticity element and viscosity element are assumed in the model. With respect to the friction force between the seat and the pelvis, slip was assumed not to occur, and a constraint force was applied to the bottom of the pelvis. The definition of the constraint force of the seat surface is show in Fig. 4(b) . In addition, in order to clarify the fundamental characteristics of the vertical contact force, a tangential contact force is applied at the center of the contact surface to represent the reaction force that depends on the relative displacement and velocity of the human body. The reaction forces in equation (3) e is an exponent related to elasticity, R is the center of the seat, 0
x is the centroid of the contact surface, and 0 y is the distance between the contact point and the contact surface (Salcudean and Vlaar, 1997) . These parameters are set for expressing stiff wall and being overdamping. In this paper, 
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Pelvis Unno, Takehara, Takahashi and Hase, Mechanical Engineering Journal, Vol.4, No.5 (2017) The body motion is thought to be generated by torque based on the planned trajectory of motion using the inverse model (Wang et al., 2001) , (Ito, 2005) . In this model, a gain control method realizes the desired motion by generating an ideal motion and considering the inverse model by producing a planned trajectory. Next, in this model, a trajectory is generated by the force that moves the representative body point closer to the target position. It is difficult to imagine that a human being, in contrast to a robot, would be conscious of the torque of each joint. Accordingly, the intention to move a representative body point to a target position is explained as a physical force, which is defined as follows: is chosen according to the desired action. In this paper, 1,2 i  , the target position of this model is set in order to assume a standing posture, and representative body points in the moving coordinate system are located on top of the head and spine. Then these forces are between initial position of top of the head and spine and position at each time about top of the head and spine. Each joint torque is calculated using the inverse model equation (Takehara, 2017) . These gained torque are substituted for right side of equation (3), then motion of human body can be calculated. However, using PD control, a force such as that given by Eq. (13) is adopted for the basic situation in the present paper. Other control systems that take into account vision and balance will be considered as necessary.
Adjustment of joint torque using the forward model (Takehara, 2017)
The generation of motion according to a trajectory might be expected when using the inverse model. However, the human body does not always move according to the planned trajectory because of relative delay and other factors (Tomi et al., 2008) . Accordingly, in order to express the actual motion of a biological body, a forward model (Ito, 2005) that enables anticipatory motion control is added. This model enables prospective motion control that sets the time axis ahead by a certain amount and is framed on a gradient system. Moreover, the target position for an equilibrium point is defined by adding the interactions of each joint torque, and a potential function is defined as the difference between the target position and the representative position after a short period of time. This potential function is called the performance indices potential. In this model, the joint torque that causes the representative position to approach the target position in the shortest period of time is calculated because the time gain is confirmed as the direction of the steepest gradient of the potential in the gradient method (Ogihara and Yamazaki, 2001 ). This enables the posture to be maintained. In addition, in order to generate motion according to the motion trajectory, the torque is adjusted using the following equation so as to match as closely as possible the joint torque calculated by the inverse model:
where  is a time constant, 3 K is the learning coefficient, v is the state variable equivalent of the joint torque, forward U is the performance indices potential, and   nv is the joint torque calculated by the inverse model. Equation (14) indicates that the velocity variation of the torque decreases as  increases. This means that the reaction speed variation can be expressed by the time constant. Here, forward U can be expressed as follows: Takehara, Takahashi and Hase, Mechanical Engineering Journal, Vol.4, No.5 (2017) A are unit vector because this model is simplified model consists of head and trunk. In future work, reaching motion of arm and stomping motion of legs are considered using expanded whole body model, weights matrices is changed.
Identification Experiment 3.1 Overview of Experiment
In the experiment, in order to identify the gain for the force exerted to achieve the intended movement in Eq. (13), the motion required to maintain the initial posture is measured using a simple experimental device that can simulate the horizontal acceleration applied to a passenger. An overview of the experimental device is shown in Fig. 5 . The experimental device consists of a chassis, a folding chair, a rubber belt to add tension, a motion capture system, and six cameras (Hayashi et al., 2015) . This experimental device measures the motion of a human body using a motion capture system when a horizontal acceleration is applied to the seat by a rubber belt. The seat used in the experiment is a folding chair fixed by bolts to a chassis. The advantage of this method are simple and inexpensive. Most simulators for human cost a several hundred thousand dollars. On the other hands, this device costs only thousands of dollars. Although, input waveform has dispersion. We adopt this method because the influence of dispersion of input condition is small in this situation. In addition, motion-capture markers are attached to the body of the test subject. The experimental device was designed for the purpose of capturing the movement of these markers. This enables the human-body motion to be grasped. Motion-capture markers are placed on the subject as shown in Fig. 6 . In order to measure the human-body motion, 21 motion-capture markers are attached to the human body and four motion-capture markers are affixed to the chassis. The markers attached to the human body are affixed to the head, the chest, and the waist so as to correspond to the components of the human-body model. 
Experimental conditions
In the present study, an adult male subject was chosen as a representative target. The subject had a mass of 76 kg, a height of 1.72 m, and an age of 23 years. This subject is not athlete. The experiment was conducted under three experimental conditions. For Condition 1, maximum acceleration is 1.0 m/s 2 at 0.38s, and the subject was instructed to close his eyes and relax. For Condition 2, maximum acceleration is 0.8 m/s 2 at 0.42s, and the subject was instructed to close his eyes and relax. For Condition 3, maximum acceleration is 0.9 m/s 2 at 0.50s, and the subject was instructed to close his eyes and tense his body. These conditions are summarized in Table 1 . Here, the initial displacement was equal to the natural length of the rubber belt. In order to investigate only the control of motion, the subject was instructed to close his eyes and cross his arms. The experiment procedure is described below and is depicted graphically in Fig. 7 . (i) The initial position of the chassis was decided as the point at which the rubber belt reached its natural length ( Fig.  7(a) ). Unno, Takehara, Takahashi and Hase, Mechanical Engineering Journal, Vol.4, No.5 (2017) [DOI: 10.1299/mej.16-00704]
(ii) The subject was seated deeply and did not use the backrest. In addition, in order to exclude the influence of his arms, the subject was instructed to place his hands lightly on his knees. The subject was also instructed to close his eyes in order to prevent motion due to his gaze position. (iii) The chassis was pulled to initial displacement (Fig. 7(b) ). (iv) The human motion and the chassis were observed until the chassis became motionless (Fig. 7(c) ). 
Experimental results
The motions of the chassis were evaluated under Conditions 1, 2, and 3, as shown in Figs. 8(a), 8(b), and 8(c). In these figures, the vertical axis indicates the horizontal acceleration of the chassis. The standard deviation for three trials under each condition is also shown. The dispersion of acceleration of chassis under condition 1, 2 and 3 are 7%, 5% and 5% respectively. All condition have significant difference from the result of t-test. The motions of the subject were evaluated under Conditions 1, 2, and 3, as shown in Figs. 9(a), 8(b) , and 8(c). In these figures, the vertical axis indicates the horizontal displacement of each body part in the coordinate system fixed to the seat. The dispersion of displacement of head under condition 1, 2 and 3 are 7%, 14% and 9% respectively. The dispersion of displacement of spine under condition 1, 2 and 3 are 10%, 10% and 9% respectively. The dispersion of displacement of pelvis under condition 1, 2 and 3 are 8%, 10% and 3% respectively. These figures confirm that, when the chassis starts to move, the trunk begins to lean as a result of the horizontal acceleration. The subject then tried to recover to his initial position in all of the trials. In addition, the maximum displacement was confirmed to be the largest for the head, followed by the spine and the pelvis in order of decreasing displacement. The body was considered to move in the order of the pelvis, spine, and head, because the pelvis was in contact with the chassis. As a result, the displacement of the head was greater than that of the chassis. A previous study revealed the correlation between the horizontal acceleration applied to the body and activity of the sternocleidomastoid muscle (Okamoto et al., 2010) . This indicates the characteristically human motion of subject raised by horizontal acceleration from displacement of each part. Next, the human motions under each of the experimental conditions are compared. In order to consider the change in human motion caused by the difference in the input acceleration, the experimental results for Conditions 1 and 2 are compared. The maximum displacement for each body part is larger under Condition 1 than under Condition 2, which indicates that the displacement of each body part is increased by increasing the input acceleration. The ratio of the amount of inertial force exerted on a human trunk and the muscular strength required for posture maintenance is considered to change. Next, we compare the experimental results obtained under Conditions 1 and 3 in order to consider the change in human motion due to the muscles being in a tensed state. When the maximum displacement of each body part is considered, the displacement under Condition 3 is found to be smaller than that under Condition 1. This is because human motion becomes small under the same acceleration as a result of the influence of body stiffness caused by tensed muscles. Thus, motion control is assumed to change with the state of tension of the human body. The same tendency was identified through an experiment performed using five subjects (Hayashi, 2015) .
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Method of Parameter Identification
The human-body model has two notable features. First, the derivation of the derived function is difficult, because the body motion is described by a complicated nonlinear equation. Second, a strict optimal solution is not needed, because there is a level of tolerance due to individual differences in body motion. Therefore, in order to search for parameters of interest, a genetic algorithm (GA), which is a commonly used optimization technique, is used herein. The evaluation function used for optimization is explained in the following. The evaluation function is set such that the fitness becomes a maximum when the differences between the experimental results and the analytical results are minimized. The evaluation function is as follows:
where En and An are the experimental and analytical horizontal displacements, respectively, of the representative body points. Moreover, the subscripts h, s, and p indicate the top of the head, the spine, and the pelvis, respectively. The evaluation function is sum of first data to nth data at each time.
Results of identification
Using parameters generated by the GA, the simulation results for the trunk model are compared with the experimental results. The parameter using numerical simulation are shown in Table 2 . The center of gravity of each part are defined as length from bottom of each part. Inertia moment is estimated from mass and length (Chandler, 1975) , (Zatsiorsky, 1983) . Input condition is set by moving coordinate using displacement data of the cart based on experimental data. Numerical simulation using MATLAB, ODE45 is used as solver.
The parameters generated by the GA are shown in Table 3 . The gains (k1, c1, k2, and c2) indicate the intention to act for the spine and head. Furthermore, after having simulated the trunk model using each parameter, the simulation results are compared with the experimental results for the horizontal displacement of each body part. The time histories of the simulated and experimental horizontal displacements for each body part (Condition 1, trial 1) are shown in Fig. 10 . The vertical axis indicates the horizontal displacement of each body part. The simulation results for horizontal displacement agreed with the experimental results. Maintaining posture which is returning to initial state after trunk inclined by horizontal acceleration can be found in Fig. 10 . Furthermore, the maximum displacement of the body parts was the greatest for the head, followed by the spine and the pelvis in order of decreasing displacement. This trend occurs because the body moves in the order of the pelvis, the spine, and the head. Moreover, the head exhibits the greatest displacement Unno, Takehara, Takahashi and Hase, Mechanical Engineering Journal, Vol.4, No.5 (2017) [DOI: 10.1299/mej. relative to the vehicle because the pelvis was in contact with the vehicle during the experiments. Thus, based on the displacements of individual body parts, the experimental subject exhibited the characteristic body motion due to horizontal acceleration. Next, we consider Condition 2, trial 1. As shown in Fig. 10 , the simulation results for this trial were in good correspondence with the experimental results. This was also the case for Condition 3, trial 1. Other trials has same tendency. Based on the above results, the simulation results corresponded well with the experimental results when the parameter of the trunk model was properly identified. Unno, Takehara, Takahashi and Hase, Mechanical Engineering Journal, Vol.4, No.5 (2017) [DOI: 10.1299/mej.16-00704]
Comparison between body motion and the simulation parameters
In this section, the parameters generated by simulation and the characteristics of the body motion are considered. First, the characteristics of the body are searched from the feature of the generated parameter. Next, the relationship between the input acceleration and parameter value is considered.
The k1 and c1 gains are larger than the k2 and c2 gains for all conditions in Table 3 . The torque required to maintain the position of the trunk is larger than that required to maintain the position of the head. This result is understandable considering the mass ratio of the head and trunk. Thus, maintaining the posture of the spine is prioritized when a human is subject to horizontal acceleration. For this subject, the time constant was approximately constant for each condition and trial. 
Condition1-Ave
Condition2-Ave
Condition3-Ave
As shown in Table 3 , each parameter changes according to the input acceleration because the generated parameter is changed by changing of motion. The relationship between k1, c1, k2, c2, and  and the maximum acceleration of the chassis are shown in Figure 11 . It is possible to investigate not only relation of value about each parameter but also relation of distribution of value about each parameter from Fig. 11 . The vertical axis indicates the maximum acceleration of the chassis, and the horizontal axis indicates the value of a parameter. The values in Fig. 11 are normalized by the value obtained under Condition 1. Moreover, the average value is plotted for each condition and the standard deviation for three trials under each condition is also shown. In these figures, it is thought that influence of dispersion of the input acceleration is not so large, because dispersion of each body part doesn't have same tendency thought dispersion of input acceleration about Condition 1 is most large as shown in section 3.3.
First, we consider gains k1 and c1 for the trunk. The value of k1 does not depend on the input acceleration and remains within a constant range. For Condition 3, k1 tends to become high because the subject has tense muscles. As Hayashi et al. (2015) reported, the impedance properties of the human body change and its displacement decreases significantly when in a state of muscle tension. Therefore, this tendency seems to be logical. The dispersion under each condition increases as the acceleration decreases. The subject can apparently maintain his posture through various means under the low-acceleration condition. On the other hand, k1 varies according to the trial for the simulations conducted in a state of tension. Various degrees of the muscle tension are expressed intension to move by trials because the degrees of tension are not indicated clearly. Moreover, the value of c1 increases with decreasing input acceleration. The largest c1 is applied for Condition 3 due to the change in the impedance properties of the human body, as in the case of k1. Furthermore, c1 under Condition 2 varies greatly as compared to that under Conditions 1 and 3 because the subject can maintain his posture through various means. The dispersion under Condition 3 is thought to be reduced because the subject's maximum force is exerted due to the state of muscle tension.
Next, we consider the head and focus on gains k2 and c2. The value of k2 increases with decreasing input acceleration. Moreover, the value of c2 does not depend on the input acceleration and is within a constant range. As a result, the gains for the intention to move the spine and head tend to change greatly. This tendency is thought to occur because position control is sensitive to forces acting on the head. The dispersion of k2 under Condition 2 is larger than that under Condition 1. The restriction of motion control is thought to be reduced because the available methods for maintaining posture are expanded under the low-acceleration condition, as in the case of maintaining the posture of the trunk. Both k2 and c2 vary greatly under Condition 3 and are believed to be easily affected by the dispersion of trunk motion because the overall impedance increases. In other words, we believe that the subject, in a state of muscle tension, adjusted his head control gains based on trunk gain k1. When the subject tenses his muscles, it is difficult for him to make his sternocleidomastoid muscle tense. This is because the target position is an erect posture. In this situation, the subject tenses his muscles after the body starts to lean due to the acceleration. The timing of muscle tensing appears to causes this dispersion.
In addition, the time constant, , is confirmed to be within a constant range. This result indicates that reaction speed is not changed by the input acceleration or state of tension. Therefore, the possibility exists that this parameter is determined by factors other than input acceleration or state of muscle tension.
Based on the above considerations, the control parameter obtained from the human-body dynamics model is believed to enable estimation of the control characteristics of the subject. In the future, it may be possible to obtain information applicable to digital human technology by improving the accuracy of force of intension to move and by classifying subjects according to the control characteristics tendency based on the analysis of various subjects. Above tendency that each gain has change is found also for two other subjects.
Conclusions
In the present paper, we focused on motion control of the human head and trunk and proposed a simplified human model that can identify the characteristics of motion control based on actual human response. Using the human-body dynamics model, we considered the relationships between the input condition and each parameter of the model. We designed a simplified identification experiment to focus on maintaining the posture of the human body during horizontal acceleration and considered human motion. Furthermore, we identified the parameters of the human motion model based on the experimental results. We identified the influence of each parameter and showed that the gains (k1, c1, k2, and c2) of intension to move are related to body stiffness and that the time constant, , is related reaction speed. Moreover, humans control their spines sensitively in order to maintain posture, as indicated by the fact that the gains of the intent to act on Unno, Takehara, Takahashi and Hase, Mechanical Engineering Journal, Vol.4, No.5 (2017) [DOI: 10.1299/mej. the spine are larger than gains of the intent to act on the head for each parameter. Gains k1 and c2 are confirmed to take a value within a constant range, regardless of the input acceleration, and gains k2 and c1 increased with the decrease in the input acceleration. On the other hand, in a state of muscle tension, the dispersion becomes large, except for c1. Furthermore, time constant  is constant under each condition. Finally, we believe that the control parameter obtained from the human-body dynamics model makes it possible to estimate the control characteristics of the subject. In addition, using these characteristics, we believe that it may be possible to obtain information applicable to digital human technology in the future.
